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Sweet  Com  Shipping  Tests  -  June  I9U8 


Due  to  the  nature  of  the  metabolism  of  carbohydrates  the  maintenance 
of  quality  In  sweet  com  presents  an  especiallv  difficult  Droblem  In  handling 
and  transportation,     Qjiialltv  is  verv  cloaelr  related  to  the  sugar  content. 
Sugar  is  rapidlr  converted  to  starch  after  the  prime  condition  Is  reacnedo 
This  conversion  Is  an  autocatvlit ic  entvmatic  reaction  end  the  rate  of 
poinicrization  of  sugars  to  starches  is  doubled  for  approximate ly  evrry 
10**C  rise  in  temperature. 

For  BaTltttiffi  quality  sweet  com  must  be  picked  at  the  correct  maturity 
and  its  rate  of  sugar  loss  reduced  to  a  minimum  by  adequate  ref rlgerat iono 
If  proper  refrigeration  is  obtained  (30- 35*^0)  within  one  or  two  hour© 
after  picking  the  rate  of«  the  conversion  of  sugar  to  starch  is  greatly 
reduced  as  compared  to  the  rate  at  higher  temperatures,  and  good  qualltr 
will  be  maintained  for  a  much  longer  period.     Ideally  the  refrigerating 
temperature  should  be  as  low  as  the  com  will  tolerate  without  freezing. 

The  common  practice  at  Wallace,  North  Carolina,  and  the  situation  is 
probably  similar  in  other  localities,  is  to  sell  sweet  com  on  the  auction 
block.    The  corn  is  hauled  to  the  farmer's  market  in  slatted  wooden  crates, 
usually  in  the  morning,  but  also  at  anv  other  time  of  day,  and  sold  at 
auction  or  directly  to  buyers,, 

The  sweet  com  is  exposed  to  tha  hot  temperatures  of  late  June,  from 
three  to  six  hours  before  loading  into  trucks  for  shipment  to  northern 
marketsc    Trucks  used  for  these  shipments  are  mostly  well  insulated  with 
a  fan  blower  and  ice  bunkero    The  refrigeration  ordinarily  used  in  these 
trucks  consists  of  one  row  of  block  ice  on  edge  extending  the  length  of  the 
truck  body  along  the  middle  of  the  Iciad  with  no  ice  in  the  bunkero  Rear 
vents  are  kept  open  for  the  first  few  hours  en  route  and  the  feu  is  operatedo 
The  load  is  then  top-iced,  the  v«its  closed,  and  the  fans  stopped.  This 
was  the  standard  procedure  for  refrigerating  the  truck  shipments  reported 
herein.    On  the  average  a  shipment  was  from  1?  to  2h  hours  en  route. 

Three  tests  with  sweet  corn  were  carried  out,  during  the  last  week  of 
June  19^8  in  shipments  from  Wallace,  North  Carolina  to  the  Baltimore-Washington 
areA«     In  the  first  two  tests  modified  icing  practices  were  employed,  while  the 
regular  method  was  used  in  the  third  testo 

In  the  first  test  a  30  ft,  fruehauf  trailer  with  three  Inches  of  fiber 

glass  insulation  in  top,  bottom,  and  sides  was  uped^    This  trailer  had  an  ice 

bunker  with  a  capacltv  for  ?,100  pounds  of  ice,  a  fooA  fan  blower,  and  a 
floor  rack  to  facilitate  air  circulation. 
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Th«  floor  of  the  trailer  wae  bedded  with  snow  Ice  and  lasers  of  com 
approxinntelT  1-1/2  ft,  deep  were  Interlaced  with  snow  Iceo  ApproxlmatelT 
1600  dozen  ears  of  corn  In  the  husk  was  loaded  In  bulk:  Irto  the  trailer 
in  this  fashion.     The  corn  was  piled  about  five  feet  high  and  had  three 
lavere  of  snow  ice*     Three  channels  of  block  ice  placed  on  end,  the  channels 
being  ?-'l/2  feet  apart  along  the  length  of  the  trailer,  and  a  bunker  full 
of  ice  made  up  the  additional  ref rigerati ono     There  was  a  total  of  38  blocks 
of  ice  or  II.UOO  pounds  used  in  this  loade 

Resistance  thcrmoinc ters  were  inserted  in  cobt  located  in  top,  aiddle, 
and  bottom  la-^ers  of  the  front,  center,  and  rear  of  the  loadc  Continuous 
recording  thermometers  were  placed  in  the  top,  middle  and  bottom  of  the 
center  of  the  load,  and  on  the  outside  of  the  truck  for  outside  air 
temperature So 

Loading  was  started  at  9^50  completed  at  U:00  PoVc     The  air 

temperature  during  this  period  averaged  about  9^**7o  and  the  cob  temperatures 
averaged  82*F.  in  the  morning  and  95*'*  afternooco 

The  truck  left  Wallace  at  UjOO  P,Mc  and  arrived  in  Baltimore  at  8:00  JuM, 
the  following  morning*    However,  the  com  was  not  unloaded  until  26  hours  latere 
Temperature  readings  taken  at  departure  and  on  arrival,  are  tabulated  in 
Table  I.    The  thermograph  records  are  shown  in  Figure  lo 


Table  1,     Summary  of  temperatures  at  various  positions  during  loading,  at 
departure,  and  on  arrival. 

Figure  lo  S^an  thermograph  records  of  test  1;  (a)  Middle  middle  position, 
(b)  outside  air  temperature. 


The  com  arrived  in  Baltimore  with  an  average  temperature  of  Ul,7**F.  ♦  and 
twenty- six  hours  later  showed  a  rise  of  onl:f  Oo2*To  in  temperature.    The  net 
cooling  in  transit  was  2Uo3*', 

When  it  is  considered  tl-^at  the  outside  air  temperature  averaged  80*1*., 
end  that  the  average  commodity  temperature  at  the  start  was  in  the  90 it 
is  apparent  thct  considerable  cooling  was  achieved.    The  rate  of  cooling 
over  the  18  hour  period  from  the  first  temperature  reading  to  the  time  of 
arrival  was  lo^^'F.per  hour.     In  considering  rates  of  cooling  it  is  assumed 
that  cooling  took  place  throughout  the  18  hour  period,  while  actually  cooling 
mar  have  ceased  before  the  end  of  the  18  hour  period,    A  better  picture  of 
rate  of  cooling  can  be  derived  from  the  Rvan  thermographSo    The  one  in  the 
top  middle  position  of  the  load  cooled  from  90*7.  to  3^*7.  in  less  than  one 
hour.     The  one  in  the  center  of  the  load  cooled  from  above  90**F,  to  60*7, 
in  less  than  one  hour  and  then  gradually  cooled  to  ^**7o  in  ?6  hours  before 
leveling  offe    The  Rran  thermograph  in  the  middle  tier  bottom  cooled  to  Uo*7o 
in  the  first  two  hours  and  then  cooled  to  38**7,  in  the  next  four  hours.  The 
rate  of  cooling  of  the  Bran  thermographs  is  not  ejcACtlv  equivalent  to  the 
rate  of  cooling  of  an  eejr  of  com.     However,  it  does  appear  -from  the  thermographs 
that  the  cooling  rate  of  the  com  was  reduced  greatly  after  the  first  few 
hours  in  tfansit  and  later  leveled  off  at  approximately  ^•7, 
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Th«  com  appeared  good  on  arrival  and  war  well  received^, 

Teit  II  wai  a  shipnent  In  an  open  truck  with  a  l6  ft,  "bod^.  Thii 
truck  had  no  bunker  or  fan,  and  the  sides  were  slatted  panelso     The  load 
WAS  coBpletelv  cOTered  with  a  canYat. 

ApproximatelT  1,100  doten  ears  of  com  were  loaded  in  bulk  between  18 
blockt  of  ice  arranged  in  3  channels  along  the  length  of  the  truck,  and 
abcit  two  feet  apart.     The  total  aicount  of  ice  at  time  of  loading  was  5.^0 
pounds  and  top  ice  was  added  ufter  2  hours  in  transit.     Resistance  thermometers 
were  placed  in  cobs  in  various  positions  in  the  load  and  temperature  readings 
were  taken  during  loading,  at  departure  and  on  arrivalo 

Loading  started  at  10:  y)  A,K,  and  was  finished  at  l:"^  P,M,  The  average 
cob  temperature  was  SF, 5*^0  in  the  morning  and  90*7. in  the  afternoon,  Outeide 
air  temperature  ranged  from  85*T.  before  noon  to  about  97*1*. *t  departure. 

The  truck  arrived  in  Baltimore  after  a  20-hour  tripo    Temparature  readings 
on  arrival  are  tabulated  in  Table  lie 


Table  II»    Temperatures  during  loading, at  depart ure,  and  on  arrival. 


from  the  data  in  Table  II  it  is  apparent  that  this  load  was  not  cooled 
anvwhere  near  the  desired  temperature.    The  load  was  verr  hot  at  departure 
and  upon  arrival  was  still  entirelv  too  warm  {SSo^'^fo)  c    The  low  temperature 
(53»5**)  of         rear  top  position  is  probablv  due  to  the  proximitv  of  the  ear 
to  a  block  of  ice  or  to  top  ice.     All  other  temperatures  ranged  from  the 
fifties  to  the  ninetieso    There  was  not  sufficient  ice  capacitv,  insulation 
or  air  circulation  to  cool  the  load  to  anv  ertent.    The  air  temperatures 
were  81,  83,  and  88*To     The  com  did  not  appear  verv  good  and  was  Judged  to 
be  Boch  inferior  to  the  com  in  the  first  loade 

Test  III  was  a  shipment  to  Washington,  D, The  truck  used  vat  the  same 
as  described  in  Test  I  but  the  refrigeration  and  loading  were  different. 
Three  hundred,  and  fortv  crates  with  slatted  sides  containing  5  doien  ears  to 
a  crate,  were  loaded  into  the  trailer  b  wide  and  5  ^Igh  in  the  first  6  tiers 
and  U  high  in  the  last  7  tierse    A  channel  of  block  ice  along  the  center  of 
the  load  plus  top  icing  was  used  to  cool  the  load.     The  top  ice  was  added 
after  about  2  hours  in  transit.    Until  the  load  was  top  iced  the  fan  was 
operated  and  the  rear  vents  were  kept  open.    This  truck  was  loaded  in 
approximatelv  two  hours^    Average  cob  temperatures  at  loading  was  85, 5*^0 
and  the  outside  air  was  89.0*. 

This  load  arrived  in  Washington  after  12  hours  in  transit.,     The  temperature 
readings  are  recorded  in  Table  III, 


Table  III,     Summary  of  temperatures  on  departure  and  on  arrival. 


Thesd  mrriTal  temneratures  which  averaged  56«  3*'-  wer«  not  tha 
temperatures  desired  for  sweet  corn  of  good  qualitr^     Howerer,  the 
corn  appeared  satlsfactorr  and  was  accepted  at  the  marksto 

k 

Coaparieon  of  Results  of  Three  Tests 
Table  IT  summarizes  the  temperature  data  and  other  factors  la  the 


Table  IV  -  Comparison  of  temperatures  and  rates  of  cooling  la  3  different 
shipping  test  So 


three  testso     It  can  be  seen  that  the  rate  of  cooling  is  greater  in  Test  III 
than  in  Test  I,  when  based  on  total  hours  in  transit  and  total  average 
temperature  reduction*     Since  Test  I  had  more  than  five  times  the  amount  of 
ice  present  In  test  3*  Bore  efficient  cooling  seemed  to  have  been  achieved 
in  Test  IIIo    This  is  surprising  in  view  of  the  much  lower  average  temperature 
obtained  in  Test  1„ 

However,  all  comparisons  of  rate  of  cooling  of  Te3t  I  and  III  is  fallacious 
if  test  I  reached  its  lowest  tem-oeratures  in  three  or  four  hours  after 
departure,  and  the  final  average  temperature  of  Ul,7*^e  vas  merelv  \Aat  had 
been  maintained  for  manv  hours*    That  this  is  probablv  what  occurred  is 
shown  br  both  the  Rtbb.  thermographs  and  the  fact  that  the  final  average  load 
temperature  was  almost  equal  to  the  average  air  temperature  in  the  load« 
This  indicates  that  maximum  cooling  had  alreadv  occurred  and  far  bettsr 
cooling  was  achieved  in  Test  I  than  in  Test  III, 


SuMiarv  and  Conclusions 

In  three  truck  test  shipments  of  sweet  com  from  Wallace,  North  Carolina 
with  three  different  methods  of  loading  and  refrigeration  best  results  were 
obtained  when  II.UOO  IbSo  of  ice  was  used,  2100  lbs.  in  the  bunker,  7200  lbs. 
as  block  ice  in  the  bodr,  and  2100  lbs,  as  lavers  of  snow  ice  between  larers 
of  com.     Average  arrival  temperature  of  the  com  was  Ul„7*?» 

Use  of  an  open  truck  iced  with  3  channels  of  block  ice,  top  iced,  «id 
covered  with  canvas  tarpaulin  proved  to  be  unsatisfactory,  arrival  temperature 
averaging  6S,2**F, 

When  the  saxae  truck  as  was  used  in  Test  I  was  iced  according  to  the 
regular  practice  in  this  area,  arrival  temperatures  averaged  560 3* This 
load  was  iced  with  1  channel  of  block  ice  and  was  top  iced  about  two  hours 
after  loading  while  en  route  to  market. 


Table  I*    Summeirr  of  TemperRtoree  at  Varioua  Posit  lone  Daring  Loading,  At 
Deroarture,  and  On  Arr  iTal 

Teinperature  Temceratura  Teaiperatare 

at  2  hours  Temperature       on  arriral  on  unloading 

Position  befora  at  l6  hours  U?  hours 

departura  Departurt  later  after  departure 


Rear  Bo t tow 

€Kl 

61 

Ulo5 

Ulo5 

Rear  Middle 

53c  5 

50 

UP,  5 

U6.5 

Rear  Top  Air 

9I0O 

69 

79oO 

Rear  Top 

760  5 

33«5 

kiddle  Botto« 

77.5 

U5<,5 

39.0 

Kiddle  Middle 

83.5 

76.  S  • 

33oO 

Middle  Top 

kKo 

33.0 

yront  Top 

7?c5 

360  5 

yroRt  Middle 

5I0O 

53^5 

UloO 

Front  Bottom 

^?.5 

U3o5 

35.0 

Front  Top  Air 

60.0 

U3oO 

57«0 

Front  Bottott  Air 

33.0 

52cO 

37«5 

Ul,o 

CoBuaodiiv  Average 
CofBiBoditT  Range 

(Min,  -  Majic) 
Range  degrees 
Average  Reduction 


70eg 

51  -  S5«0 


33.5  - 
l\  5^yc 


^1 


Ulc9 
35-52 

17^F. 


Table  IIo     SumaarT  of  Temperatures  Daring  Loading,  At  Departure  and 
On  Arrival 


Reading  At  Heading  on 

Reading;  at  Reading  at         Departure  Arrival 

Position  12  Noon  ?:00  3i30  P.M.  20  Hours  Later 


Rear  Top  Air 

97o5 

81c0 

Rear  Top 

90o5 

33o5 

Rear  Middle 

90oO 

93o5 

Hear  Bottom 

S?o8 

67.0 

Middle  Top 

?7oO 

87^0 

88c5 

5?o0 

Middle  Middle 

S6o0 

88^0 

80o5 

Middle  Bottom 

79c  0 

7Do5 

67cO 

6U5 

Top  Front 

87oO 

90o5 

71.5 

Middle  Front 

87o5 

8le5 

Bottom  Front 

35o5 

30.8 

7?o5 

Bottom  Air 

S9o5 

91cO 

83e5 

Top  Air 

93oO 

95o5 

96.5 

88,0 

Commodity'  Average 

83o9 

85o3 

68o2 

Cotaraodlt^  Ran^e 

79  -  ?7 

70,5  -  ^7o5 

67  -  90.5 

3-^.5 

(Mln,^  Maxc) 

Range  degrees 

8*?. 

17'*Fc 

Average  Reduction 

-•0,  5«F. 
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T&t>le  IIIo  Suwnarv  of  Temperaturet  on  Departure  and  on  Arrival 


Temperature  on  Tenneratore  on 

Position  Departure  Arrival 


Rear  Top  Air 

87 

6lo5 

Rear  Bottom  Air 

Rear  Top 

Rear  Middla 

65.0 

Rear  Bottom 

Sic  5 

^3.5 

Middle  Top 

12,0 

51-5 

Middle  Middle 

76c  5 

59oO 

Middle  Bottom 

73oO 

?Tont  Top 

60. •> 

yront  Middle 

70e5 

63oO 

Front  Bottom 

7^0  5 

Front  Top  Air 

S?eO 

67cO 

Comuoditj  Average  77-^  56o3 

Commoditv  Range  6Ai.5  -  Si?,0®  35  ~  73 
(Mlno  "  MaJto) 

Range  degrees  23. 5**?.  38*F, 

Average  Reduction  21. 1*F„ 
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Ti^ixre  1,    Htmi  Themo^raph  Records  of  Teat  I 
(a)  Middle  Middle  Position 
("b)  Outside  Air  Temperature 


